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Introduction 

In  a paper  issued  in  1926,  Grant,  depicting  the 
growth  of  the  coronary  vessels  in  the  rabbit,  points  out  that 
the  first  source  of  nutriment  in  the  heart  is  from  the  blood  in- 
closed in  the  intert rabecular  spaces  of  the  myocardium,  and  that 
this  system  is  reduced  in  extent  during  growth  and  intimately 
blended  with  the  coronary  vessels.  Of  the  latter,  the  veins  are 
the  first  factor  to  complicate  the  primary  intertrabecular  blood 
supply.  They  appear  as  outgrowths  from  the  endothelium  of  the 
sinus  venosus  and  open  into  the  trabecular  spaces  to  shape  into 
a system  of  channels  in  the  ventricular  wall.  The  arteries 
which  follow  the  veins  in  development,  branch  from  the  aortic 
base  and  also  join  the  network.  Minot  (1900)  and  others  found  a 
similar  situation  in  other  vertebrates  but  failed  to  describe 
the  evolution  of  the  coronary  system. 

Thus,  from  the  facts  presented  by  various  investigat- 
ors, the  writer  proposes  to  describe  the  evolutionary  develop- 
ment and  course  of  the  cardiac-coronary  vessels  in  the  verte- 
brates; to  present  the  evidence  for  and  against  the  existence 
of  Thebesian  vessels  and  their  association  with  the  coronary 
vessels;  to  discuss  briefly  the  chief  factors  regulating  the 
blood  supply  of  the  heart  in  higher  vertebrates;  and  lastly,  to 
mention  the  possible  nutrient  channels  concerned  with  the  heart. 


Part  I 


The  comparative  morphology  of  the  vertebrate  heart 
is  described  by  Grant  and  Regnier  (1926).  In  the  primitive 
heart  four  distinctive  chambers  are  seen  communicating  with 
each  other,  (1)  the  sinus  venosus,  (2)  the  auricle  or  atrium, 
(3)  the  ventricle,  and  (4)  the  bulbus  cordis  commonly  called 
conus  arteriosus.  The  latter  connects  with  the  truncus  arteri- 
osus or  ventral  aorta  whose  base  enlarges  to  give  rise  to  the 
bulbus  arteriosus.  In  the  first  three  chambers  the  openings 
are  protected  by  valves,  while  the  fourth  chamber  contains 
several  valves  situated  longitudinally. 

This  heart  is  typical  of  the  fishes;  in  the  lower 
forms,  elasmobranchs  and  ganoids,  many  valves  are  seen. besides 
a well  formed  conus,  while  In  the  higher  fishes  the  valves  are 
limited  to  one  row  within  the  conus  arteriosus  which  is  hardly 
more  than  a remnant  in  these  forms.  With  the  exception  of  the 
.Dipnoi,  lung  fishes,  all  fish  hearts  hold  venous  blood.  In  the 
latter  group,  the  heart  begins  to  divide  into  arterial  and  ve- 
nous halves  by  a septum  in  the  auricle  resembling  the  heart  of 
the  Amphibia  ( 'Ur  ode  la)  . 

In  the  Amphibia  the  septum  dividing  the  auricle  is 
carried  back  farther  than  in  the  Dipnoi  and  the  sinus  venosus 
Is  connected  to  the  right  auricle.  The  ventricle  persists  as 
in  the  primitive  heart,  an  undivided  chamber,  while  the  conus 
or  bulbus  cordis  becomes  slightly  divided  by  a spiral  septum 


into  aortic  and  pulmonary  trunks.  The  ventral  aorta  or  truncus 
is  small. 
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In  the  Reptilia  the  sinus  venosus  has  nearly  disap- 
peared, becoming  more  a part  of  the  right  auricle;  the  auricular 
septum  is  complete  and  continues  intothe  ventricle  where  com- 
plete or  partial  division  occurs.  The  bulbus  is  more  or  less 
vestigial  becoming  part  of  the  ventricle  which  gives  rise  to 
the  aorta  and  pulmonary  arteries. 

In  birds  and  mammals  the  two  sides  of  the  heart  are 
entirely  separate.  The  sinus  venosus  is  absorbed  into  the 
right  auricle  and  the  infundibulum  of  the  right  ventricle  has 
simulated  the  bulbus  cordis. 

A 

In  the  sharks  (Squali)  Grant  and  Regnier  (1926)  find  • 
that  in  general  two  coronary  arteries  occur  on  the  bulbus  cordiq 
one  lying  dorsaliy  and  the  other  ventrally.  The  dorsal  artery 
supplies  the  dorsum  of  the  bulbus  and  ventricle  and  extends  to 
the  auricle;  the  ventral  artery  ramifies  the  bulbus  and  ventri- 
cle ventrally.  While  this  arrangement  may  be  considered  as 
typical  for  these  vessels,  variations  in  number  and  origin  do 
occur.  In  the  Carcharias  littoralis  (Parker  and  Davis,  1899), 
a median  hypobranchial  artery  arises  from  a lusion  of  the  left 
and  right  fourth  commissural  arteries  on  the  ventral  aspect  of 
the  ventral  aorta,  and  runs  posteriorly  to  become  the  ventral 
coronary  artery.  The  latter  gives  rise  to  three  branches,  a 
median,  a left,  and  a right;  and  these  ramify  the  ventral  aspect 
of  the  ventricle  (Plate  I,  fig.  1,  cor.  v.).  Correspondingly, 
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by  a fusion  of  the  left  and  right  fifth  commissural  vessels  and 
occasionally  the  sixth  on  the  dorsum  of  the  ventral  aorta,  a 
dorsal  coronary  artery  arises  (PI.  II,  fig.  4,  cor.  a.).  It 
also  divides  into  three  vessels,  one  passing  to  the  ventricle 
and  auricle  irom  its  right  lateral  aspect,  a second  coursing  to 
(the  left  of  the  ventricle  and  another  anastomosing  with  twigs 
of  the  ventral  coronary  artery  after  running  to  the  left  of  the 
conus  arteriosus. 

Somewhat  similar  conditions  exist  in  other  species 
such  as  Cestracion  zygaena  (Hyrtl,  1372)  and  iwusteius  (Parker, 
1887) . In  these  animals  the  dorsal  artery  is  sometimes  wanting 
and  the  ventral  trunk,  rather  than  emanating  solely  irom  the 
fourth  commissural  vessels,  arises  from  the  fourth  and  fifth. 

In  Scyilium,  Hyrtl  (1872)  observed  the  presence  of  a dorsal  and 
two  ventral  arteries  coming  from  the  four-ch  commissural  vessels. 
In  Squat ina  and  Acanthias,  he  found  only  paired  ventral  arteries 
with  only  the  right  contacting  the  ventricle. 

nike  other  sharks,  no  posterior  coronary  arteries 
were  observed  in  Carcharias  littoralis. 

In  the  skates  a slightly  different  situation  for  the 
coronary  arteries  presents  itself.  In  Raja  erinacea  (Parker 
and  Davis,  1899),  a coronary  vessel  arises  at  the  base  of  the 
ventral  aorta  from  each  right  and  left  commi s sural  artery  which 
converge  at  that  point  to  remain  separate  or  to  anastomose. 

Each  coronary  vessel  passes  over  the  buibus  to  extend  and  ram- 
ify the  ventricle.  The  right  coronary  artery  (PI.  I,  fig.  2, 
cor.  dx) , the  smaller,  passes  over  the  dorsum  of  the  buibus  and 
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extends  to  the  ventricle  and  auricle,*  the  left  (cor.  s.)  rami- 
fies the  ventral  aspect  of  the  ventricle.  Hyrtl  (1868)  observed 
the  same  situation  in  Raja  clavata  and  in  other  species.  In  ad- 
dition, one  or  two  posterior  coronary  arteries  occur.  In  Raja 
erinacea  (Parker  and  Davis,  1899)  these  vessels  (PI.  I,  fig.  2, 
cor.  p.  s.)  arise  from  the  coracoid  vessel  which  appears  as  a 
branch  from  the  subclavian  artery.  They  may  exist  as  unilateral 
vessels  (fig.  2)  or  be  paired  (PI.  II,  fig.  5),  passing  over  the 
sinus  venosus  ventrally  and  apportioning  themselves  over  the 
dorsum  of  the  ventricle.  Hyrtl  (1858)  and  Parker  (1884)  ob- 
served similar  conditions  in  Raja  clavata  and  Raja  nasuta. 

In  the  ganoids  and  teleosts  (Agassiz  and  Vogt,  1845; 
Cuvier,  1805;  Cuvier  and  Valenciennes,  1828-49;  Hyrtl,  1855; 
Jourdain,  1867;  Martin,  1894)  the  general  arterial  replenish- 
ment to  the  heart  is  bj-  means  of  a single  artery  emanating  from 
the  fourth  branchial  arch  and  passing  along  the  truncus  arte- 
riosus ventrally.  This  artery  separates  into  dorsal  and  ventral 
vessels  at  the  anterior  portion  of  the  bulbus,  and  these 'vessels 
ramify  their  respective  regions  of  the  heart.  Variations  in 
these  species  are  also  not  infreoxuent.  The  lone  artery  may  be 
supplanted  by  two  stems,  a dorsal  and  ventral,  both  emerging  in- 
dividually, or,  as  in  the  3unfish  (Milne -Edwards , 1858),  it  may 
be  replaced  by  two  dorsal  vessels  and  a ventral. 

In  Scaphirhynchus  and  P olyodon  (Danforth,  1916)  only 
posterior  coronary  arteries  were  observed.  They  come  from  a 
common  stocK  which  emanates  from  the  coracoid  trunk  of  the  sub- 
clavian vessel  and  ramifies  the  aortic  bulb  and  the  basal  aspect 
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of  the  heart.  The  apical  area  of  the  heart  is  usually  cared 
for  by  the  arteria  apicis  cordis.  The  latter  is  lacking  in 
Polyodon. 


In  Amia  (Parker  and  Davis,  1899),  as  in  most  tele- 
osts,  posterior  coronaries  are  absent  and  only  anterior  coronary 
arteries  occur.  They  arise  from  a median  hypobranchial  vessel 
which  is  formed  by  a union  of  the  fourth  commissural  arteries 
(PI.  II,  3,  com.  IV,  h'brn.  m. ) . The  hypobranchial  vessel 
after  coursing  i or  a short  distance  posteriorly  gives  rise  to 
three  arteries:  an  epigastric,  a vessel  which  passes  around  the 
ventral  aorta,  and  two  coronarj  arteries  (dorsal  and  ventral), 
each  extending  ever  its  respective  surface  of  the  aorta  and 
ventricle . 


In  the  Dipnoi  (Geratodus),  Spencer  (1893)  makes  re- 
ference to  a single  ventral  coronary  vessel  emanating  from  the 
right  hypobranchial  arteries. 

In  all  fishes  anastomoses  exist  between  the  terminal 
branches  of  the  coronary  arteries. 

Although  the  coronary  veins  in  fishes  have  been  given 
less  attention  than  the  arteries,  Parker  and  Davis  (1899)  find 
a closer  resemblance  between  the  former  and  the  corresponding 
veins  of  the  Mammalia.  In  the  elasmobranch  (G  archarias  lit- 
toralis)  the  veins,  by  means  of  two  openings  on  each  side  of 
the  sino-auricular  orifice,  enter  the  sinus  venosus  (PI.  Ill, 
fig.  7,  sn.  vn.) . The  left  opening  provides  lor  three  veins, 
two  of  which  remain  on  the  dorsum  of  the  ventricle  (fig.  7, 


vn.  crd.  m. ) . These  resemble  the  cardiac  veins  in  mammals.  A 
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third.,  the  largest,  ramifies  the  bulb  ventrally  and  the  left 
ventral  part  of  the  ventricle.  It  resembles  the  left  coronary 
vein  of  mammals  (fig.  7 and  10,  vn.  cor.  s.).  The  right  open- 
ing provides  for  the  right  vein  (fig.  7,  vn.  cor.  dx.)  which 
extends  along  the  coronary  sulcus  ventrally  and  apportions  it- 
self principally  on  the  dorsum  of  the  bulbus . Also,  some  twigs 
supply  the  right  lateral  aspect  of  the  ventricle  (fig.  10,  vn. 
cor.  dx.).  It  resembles  the  right  vein  of  mammals. 

Previous  investigators  on  shark  morphology  have  also 
witnessed  a similar  supply  to  the  venous  sinus.  De  Bainville 
(1811)  and  Rose  (1890)  observed  two  orifices  in  Squalus  and 
Scyllium.  However,  in  Acanthias  (Rose,  1890)  and  Selache 
(Pavesi,  1874)  the  venous  vessels  fuse  and  enter  the  sinus 
through  a single  orifice. 

In  the  skate  (Rsaja  erinacea,  Parker  and  Davis,  1899) 
two  veins  (PI.  Ill,  fig.  8,  vn.  cor.  dx. ) simulate  the  right 
coronary  vessel  and  enter  the  venous  sinus  by  separate  ori- 
fices. Two  branches  pass  from  the  vein  on  the  right  and  reunify 
the  dorsum  of  the  conus  and  the  left  ventricle  (fig.  8 and  II). 
The  left  vein  also  possesses  two  branches,  one  passing  over  the 
dorsum  of  the  cone  and  the  other  extending  on  the  ventral  aspect 
of  the  cone  and  the  ventricle  (fig.  11,  vn.  cor.  dx) . 

The  left  coronary  vein  (fig.  8 and  11,  vn.  cor.  s.) 
which  remains  as  a lone  stem  on  the  left  of  the  ventricle  enters 
the  sinus  at  the  left  of  the  sino-auricular  aperture. 

While  both  coronary  veins  mentioned  ramify  the  edges 
of  the  dorsal  and  ventral  aspect  of  the  ventricle,  several  small 


vessels  (fig.  8,  vn.  crd.  m.),  lying  parallel  to  the  venous 
sinus  posteriorly  and  draining  into  it,  envelope  dorsally  the 
central  portion  oi  the  ventricle.  This  typical  arrangement  of 
the  vessels  closely  resembles  the  cardiac  veins  in  mammals. 

similar  openings  for  the  coronary  veins  as  that  de- 
scrioed  in  Raja  erinacea  were  observed  by  Tiedemann  (1809)  in 
Raja  rubus  and  by  Monroe  (1785)  in  other  skates. 

in  the  ganoid  (Ania  calva,  Parker  and  Davis,  1899), 
i a right  and  a left  coronary  vein  (PI.  Ill,  fig.  9,  vn.  cor.  dx. 
and  vn.  cor.  s.),  enter  the  venous  sinus  through  a single  open- 
ing slightly  to  the  right  and  posterior  to  the  sino-auricular 
orifice.  From  the  opening  these  veins  surround  the  heart  and 
anastomose  on  its  ventral  surface.  The  right  coronhry  vein 
gives  rise  to  two  branches,  one  to  the  right  lateral  aspect  of 
the  ventricle  posteriorly,  and  the  other  to  the  same  area  of 
the  cone  but  anteriorly.  Two  branches  also  arise  from  the  left 
coronary  vessel  but  the  one  passing -to  the  cone  is  smaller  and 
lies  more  ventral  than  its  corresponding  branch.  Also,  a vein 
presumably  from  the  left  coronary,  emanates  from  the  anastomosis 
of  the  coronary  veins  and  ramifies  the  ventral  median  region  of 
the  ventricle. 
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Abbreviations 


acl. auricle 

ao. v. ventral  aorta 

ap.  auriculo-ventricular  aperture 

cc'd. coracoid  artery 

cc'o  brn.1-5. insertions  of  coracobranchial  muscle 

cc’o.  hoi. insertion  of  coracohyoid  muscle 

corns. IV-VI commissural  arteries  of  IV-VI  visceral  arches 

corns .d. IV-VI--  dorsal  commissural  arteries  of  visceral  arches 


corns. v. ventral  commissural  artery 

cor.d. dorsal  coronary  artery 

cor.dx. right  coronary  artery 

cor.p.dx. right  posterior  coronary  artery 

cor.p.s. left  posterior  coronary  artery 

cor.s. left  coronary  artery 

cor.v. ventral  coronary  artery 

e'ga. epigastric  artery 

h'brn.l. lateral  hypobranchial  artery 

h'brn.m. median  hypobranchial  artery 


sn. vn. 

venous  sinus 

vn . c or . dx . 

right  coronary  vein 

vn. cor . s . 

left  coronary  vein 

vn. crd.m. 

median  cardiac  vein 

vnt . 

ventricle 

I -VI I 

visceral  arches 

after  Paricer  and  Davis 
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Grant  and  Regnier  (192G),  experimenting  on  several 
amphibians  find  the  coronary  vessels  ossessing  a variable 
nature.  In  the  Uro.de la  the  auricle  and.  ventricle  remain  apart 
and  are  arranged  in  a left  and  right  fashion.  A single  cephalic 
(anterior)  coroner;,  artery  v;;s  iound  in  all  specimens  examined. 
In  the  spotted  salamander  ( Galamandra  maculosa),  it  originates 
from  the  truncus  a.rteriosus  at  the  right  carotid  subdivision, 
advancing  dorsally  and  sup  lying  twigs  to  the  truncus.  From 
the  distal  end  02  the  bulbus  cordis  it  separates  into  tv  0 bran- 
ches whose  distribution  Is  restricted  to  th«  fc  re  >i  . 
larger  one,  after  coursing  the  left  side,  ramifies  the  bulbus 
and  culminates  in  terminal  branches#  The  smaller  branch  sup- 
plies the  dorsal  aspect. 

In  the  crested  newt  (Molge  cristata),  the  main  stem 
of  the  cephalic  artery  is  restricted  to  the  dorsum  01  the 
bulbus  v/ith  a smaller  branch  conrsin  laterally  to  the  right 
and  sup  lying  the  ventrad.  In  Axolotl  the  artery  is  small  with 
scanty  capillary  ramifications.  Its  distribution  is  also  re- 
stricted to  the  bulbus.  'v/ith  the  riant  salamander  ( Megalo- 
be trachus),  a preserved  sample,  the  inve,  t:l gators  were  unable 
to  trace  the  minute  twigs  of  the  artery . 

Tho  heart  of  the  Anura  is  more  closely  consolidated 
than  that  oi  the  Urodela;  tme  culbus  lies  anterior  to  the 
auricles  which  proximate  the  ventricles,  and  the  chambers  are 
held  intact  by  connective  tissue.  In  the  brown  frog  (Rena 
temporaria),  the  lono  cephalic  coronary  artery  arises  from  the 
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Ub  arteriosus  at  the  right  carotid  subdivision,  passing 
over  the  right  proximal  aspect  of  the  structure.  Upon  reaching 
the  remote  end  or  the  bulbus  cordis,  it  forms  two  branches.  The 
ventral  bulbar  artery,  the  smaller,  supplies  the  bulbus  ventral- 
ly.  from  it  small  shoots  reach  the  left  auricle  with  one  twig 


passing  over  a considerable  area  of  the  left  auriculo-ventri - 
cular  groove.  The  dorsal  bulbar  artery,  the  larger  branch, 
emerges  between  the  right  auricle  and  bulbus,  ramifies  the 
dorsal  aspect  of  the  bulb  and  issues  shoots  to  the  right  bulbo- 
auricular  groove.  The  latter  also  reaches  a small  portion  of 
the  auricle,  free  anastomoses  exist  between  the  branches  of 
both  bulbar  arteries.  Where  the  arteries  exceed  the  normal 
course  about  the  groove,  a network  of  capillaries  surround 
the  base  of  the  ventricle.  Further,  the  cephalic  vessel  may 
emerge  from  the  left  truncus;  it  may  exist  on  the  right  of  the 
bulbus  as  an  undivided  artery;  or  both  bulbar  vessels  may  ori- 
ginate separately,  one  from  the  left  and  the  other  from  the 
right  carotid  subdivision  of  the  truncus  or  both  from  the  right. 
The  investigators  were  unable  to  agree  with  Martin  (1894)  that 


an  artery  arose  from  the  ventricle  in  the  green  frog  (hana 
esculenta) . They  maintain  that  he  had  observed  a coronary  vein. 
In  the  three  toad  specimens  (Bufo  vulgaris)  examined,  two 
possessed  a coronary  artery  similar  to  that  oi  the  irog;  in  the 
third,  the  vessel  resembled  that  of  the  salamander  by  running 
over  the  dorsum  of  the  bulbus. 

Of  the  foregoing  description.  Grant  and  Regnier  (1926) 
have  the  following  to  say.  "Since  the  bulbus  cordis  is  the  only 
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chamber  of  the  heart  with  a coating  of  compact  muscle,  it  alone 
receives  a coronary  artery  from  the  nearest  source  of  supply, 
an  artery  which  corresponds  to  the  cephalic  vessels  of  the  fish 
heart.  The  extension  of  the  artery  to  the  grooves  in  the  Anura 
would  seem  to  be  not  in  response  to  the  needs  of  the  myocardium, 
but  because  of  the  greater  development  of  the  connective  fatty 
tissue  there.  Likewise  an  arterial  twig  extended  inwards  from 
the  pericardium  in  the  frog  in  which  the  dorsal  epicardium  was 
stouter  than  normal.  Although  as  a rule  only  one  coronary  ar- 
tery is  present,  v/e  see  a variation  in  some  specimens,  a return 
to  the  earlier  bilateral  arrangement.  A doubt,  however,  arises 
as  to  the  homology  of  the  arteries  in  the  fish  and  the  frog. 
Martin  (1894)  states  that  in  the  tadpole,  two  arteries  grow  out 
from  the  gill  vessels  and  pass  to  the  bulbus  cordis;  these 
temporary  coronary  arteries  later  disappear  and  are  replaced  by 
definitive  artery  described  by  him.  In  the  meantime  little 
stress  can  be  laid  on  this  evidence;  his  embryological  observa- 
tions are  very  incomplete, and,  moreover,  we  are  convinced  that 
no  ventricular  coronary  artery,  such  as  he  describes,  existed 
in  the  specimens  we  examined.  Further,  after  the  elimination 
of  the  gills  in  the  vertebrates,  we  think  there  should  be  little 
difficulty  in  assuming  a movement  heartwards  of  the  coronary- 
origin;  evidence  of  such  a movement  is  provided  by  the  Amphib- 
ians themselves,  the  coronary  artery  may  arise  some  distance 
beyond  the  subdivision  of  the  truncus  or  on  the  other  hand  may 
be  moved  nearer  the  distal  end  of  the  bulbus.'' 

Variations  in  the  coronary  venous  supply  to  the  heart 
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were  also  noticeable  (Grant  and  Regnier,  1926).  Here,  both 
cephalic  and  caudal  (posterior)  vessels  may  occur  simultaneously 
or  one  may  be  lacking,  usually  the  cephalic.  When  both  occur 
they  empty  the  bulbus ; the  caudal  branches  usually  empty  the 
lower  and  the  cephalic  the  upper  section  of  the  bulbus.  However, 
the  sections  drained  by  each  varies.  In  the  spotted  salamander 
(Salamand<ra  maculosa)  and  crested  newt  (Molge  cristata) , speci- 
mens relevant  to  the  Urodela  group,  a single  cephalic  vein 
unites  with  pericardial  vessels  and  enters  the  pharyngeal  veins 
subsequent  to  its  passing  over  the  bulbus  and  traversing  the 
truncus  either  dorsally  or  ventrally.  On  the  bulbus  ccr  dis  two 
small  veins  unite  giving  rise  to  the  caudal  vein.  The  latter 
begins  at  the  base  of  the  bulbus,  traverses  the  bulbo-ventri- 
cular  groove  to  the  ventricular  case,  penetrates  the  supporting 
fold  ol  membrane  or  frenum  and  culminates  in  the  right  cuverian 
duct  at  varying  points.  The  investigators  found  only  the  caudal 
vein  in  the  single  Axolotl  specimen.  Hyrtl  (1365),  who  refers 
to  the  caudal  vessel  as  the  vena  bulbi  posterior,  believed  that 
in  the  salamander  it  may  exist  as  two  distinct  branches.  In  his 
Cryptobranchus  japonicus  (i860),  he  also  makes  reference  to  a 
rather  large  vein  which  empties  the  ventricular  base  penetrating 
the  caudal  bulbar  vein  prior  to  the  latter’s  entrance  into  the 
cuverian  duct.  He  was  unsuccessful  in  observing  a correspond- 
ing artery.  Beddard  (1903),  experimenting  with  the  salamander 
(Megalobatrachus),  was  unsuccessful  in  observing  any  coronary 
veins  in  two  specimens.  Grant  and  Regnier  (1926)  forced  to 


examine  a preserved  specimen  of  Megalobatrachus  because  of  their 
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unsuccessful  attempt  in  acquiring  a living  creature,  found  the 
examination  unsatisfactory.  However,  the  posterior  bulbar  vein 
was  observable.  In  the  brown  frog  (Rana  temporaria)  they  ob- 
served  a vein  occasionally  uniting  with  the  posterior  bulbar 
vein  arising  from  the  bulbar  capillaries  which  expand  t.o  the 
ventricular  base.  These  investigators  believe  that  such  a dis- 
tribution may  occur  in  the  Megalobatrachus . 

otill  greater  variation  in  the  coronary  veins  was 
observed  in  the  Anura  (Grant  and  Regnier,  1926).  Both  systems, 
cephalic  and  caudal,  may  be  present  or  one  may  be  wanting.  Both 
stems  emerge  from  the  network  of  capillaries  surrounding  and 
emptying  the  bulbus.  In  the  brown  frog  (Rana  temporaria)  three 
cephalic  vessels  are  normally  found.  They  are,  according  to 
constancy,  the  median,  left  and  right  cephalic  veins.  The  first 
which  presents  itself  on  the  uppermost  ventral  surface  of  the 
bulbus  and  truncus  penetrates  the  pericardium,  unites  with  its 
veins  ventrally  and  enters  the  vessels  of  the  uncoupled  fatty 
body.  The  latter  vessels  run  to  the  external  jugular  vein  of 
their  respective  sides.  The  second  vein  proceeds  along  the 
path  of  the  left  arterial  stems  and  enters  the  anterior  vena 
cava.  The  third  vessel,  when  present,  proceeds  along  with  the 
corresponding  right  arterial  stems.  Onlyr  two  of  the  cephalic 
veins  were  found  in  their  specimens.  Occasionally  only  a single 
cephalic  vessel  is  present  with  the  caudal  veins  lacking. 

On  the  lower  right  section  of  the  bulbus  cordis  a 
right  caudal  vein  develops  running  to  the  ventricular  base.  On 
the  lower  left  aspect  of  the  bulbus  a left  caudal  vein  forms 
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running  posteriorly  bet ween  the  bulbus  and.  auricles  reaching 
the  dorsum  ol  the  ventricle  where  it  fuses  with  the  right  vein 
to  become  the  main  caudal  vein.  The  latter  passes  into  the  ven- 
tricular frenum,  penetrates  the  pericardium  and,  after  running 
caudally  approaching  the  liver,  enters  the  abdominal  vein. 
Occasionally  the  Investigators  found  a tiny  vein  emanating  from 
the  network  of  capillaries  surrounding  the  ventricular  base 
which  fused  at  the  epicardiurn  with  the  main  caudal  vein.  Re- 
peated variations  were  observed  for  drainage  regions  and  endings 
of  the  caudal  veins.  They  frequently  empty  the  bulbus  ventrally 
and  dorsally;  frequently  the  left  and  right  vessel  remain  sepa- 
rate with  either  one  entering  the  right  auricle  directly  (Grant 
and  Regnier  believe  Martin’s  ventricular  artery  for  the  Rana 
esculenta  to  be  the  left  caudal  vein  when  it  enters  the  auricle). 
The  presence  of  both  veins  in  the  auricle  leaves  the  main  caudal 
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vessel  lacking.  The  entrance  of  the  latter  into  the  abdominal 
vein  is  sometimes  absent.  Occasionally  it  may  be  seen  to  enter 
the  right  subclavian  vein,  the  sinus  venosus,  or  the  liver.  It 
may  be  still  further  disrupted  into  capillaries  which  pass  to 
the  abdominal  vein  and  liver.  In  one  of  the  toads  examined  the 
caudal  vessel  united  with  the  right  cuverian  duct. 

As  in  the  fish,  both  cephalic  (anterior)  and  caudal 
(posterior)  veins  are  observed  with  the  caudal  vessels  the  more 
predominate.  Also,  a more  direct  entrance  of  the  veins  into  the 


sinus  venosus  or  auricle  is  manifested. 
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In  the  reptilian  heart  (Grant  and  Regnier,  1926)  at 
various  locations  between  the  point  of  the  origin  of  the  right 
or  left  aorta  (usually  the  right)  and  its  subdivision,  one  or 
two  coronary  arteries  may  originate.  Occasionally,  as  in  the 
Amphibia,  the  vessels  may  emerge  a short  distance  beyond  the 
subdivision.  In  the  event  of  a single  artery,  the  vessel  fol- 
lows the  right  aorta  in  the  direction  of  the  ventricle  culminat- 
ing in  a dorsal  and  ventral  branch.  The  former,  usually  the 
larger,  continues  to  the  right  auriculo-vent ricular  groove  there 
emitting  a post-truncal  vessel  which  ramifies  both  the  large 
branches  and  auricle  and,  proceeding  to  the  left  lateral  aspect 
of  the  arterial  trunks.  Issues  twigs  supplying  the  ventrad  of 
the  ventricle.  The  principal  stem  of  the  dorsal  branch,  passing 
along  the  groove,  provides  for  the  dorsum  of  the  auricles,  ven- 
tricle and  sinus  venosus . In  the  tortoise  the  situation  is 
identical  except  for  the  post-truncal  vessel  v/hich  is  smaller, 
often  lacking  on  the  ventricle,  and,  which  arises  from  the  un- 
separated arterial  stem.  The  ventral  branch,  v/hich  passes  along 
the  ventral  surface  from  the  base  of  the  coronary  trunks,  rami- 
fies the  latter  and  right  ventrad  of  the  ventricle.  With  the 
presence  of  two  coronary  arteries  the  disposal  of  the  single 
vessel  described  above  is  in  accordance  with  the  right  artery , 
and  the  post-truncal  vessel,  if  present,  is  minute.  When  absent, 
the  left  coronary  artery  which  replaces  it  is  visible  between 
the  pulmonary  artery  and  the  right  aorta  on  the  dorsum  of  the 
truncus  arteriosus.  It  likewise  emerges  from  the  right  aorta 


passing  to  the  left  and  rear  of  the  pulmonary  origin  and  rami- 
fying ventrally  a varied  portion  of  the  ventricles  and  auricles. 
Occasionally  also  an  apical  vessel  presents  itself  and  nourishes 
the  apex  of  the  ventricles. 

This  delineation  reveals  the  close  similarity  that 
exists  between  the  arterial  supply  of  the  reptilian  heart  and 
the  supply  of  the  fish. 

In  the  tortoise  and  lizards  three  groups  of  coronary 
veins  are  distributed  in  the  following  manner:  a right  and 

left  group  coalesce  into  a single  vessel  in  the  auriculo- 
ventricular  groove  after  emptying  their  respective  sides  of  the 
ventricle  and  lower  portion  of  the  aorta;  a third  group  ascends 
the  dorsum  of  the  ventricle.  At  the  ventricular  base  all  the 
vessels  may  join  to  form  a principal  stem  which  follows  the 
sino-vent ricular  frenum  to  the  sinus  venosus,  or  they  may  con- 
tinue unchanged  and  penetrate  the  sinus  by  means  of  separate 
openings.  Also,  an  apical  vein  which  empties  its  respective 
area  of  the  heart  sometimes  occurs.  By  way  of  the  apical  band 
it  may,  as  in  the  green  lizard  (Lacerta  viridis),  open  into  the 
abdominal  vein  or  the  transverse  branch  uniting  the  two  abdomi- 
nal veins  as  in  the  tortoise  (T.astudo  graeca)  . Hochstetter 
(1908)  observed  an  identical  situation  in  the  Crocodilia. 

from  all  appearances  the  bulbus , which  is  engulfed  by 
the  ventricle  in  this  group,  is  not  provided  with  cephalic 
veins.  However,  probable  substitutes  ror  them  may  exist  in  the 
pericardial  veins  which  run  caudally  in  company  with  the  aorta. 
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In  general,  the  cardiac-coronary  vessels  in  the  birds 
and  mammals  are  identical  so  that  a separate  description  is 
needless  (Gadow,  1891;  and  Banchi , 1904).  A brief  account  of 
a few  age  extensions  in  pig  hearts  will  suffice  for  the  embryo- 
logical  growth,  followed  by  a complete  description  oi  the  adult 
pattern  in  the  human  heart. 

Experimenting  exclusively  with  pig  hearts,  Bennett 
(1926)  finds  that  in  embryos  of  less  than  five  millimeters,  the 
myocardium  of  the  heart  receives  its  nutriment  through  its 
lumen  since  no  external  blood  supply  is  available.  Goldsmith 
and  Butler  (1937)  witnessed  also  the  usual  primitive  pattern 
except  for  the  left  cardinal  vein  (PI.  V,  fig.  15)  which  de- 
velops during  this  period  and  whose  opening  has  changed  to  the 
middle  of  the  atrium.  In  embryos  of  nine  millimeters  (fig.  16 
and  17)  che  first  or  middle  cardiac  vein  appears,  emerging  as 
a bud  from  the  endothelial  lining  of  the  coronary  sinus  just 
to  the  left  of  its  entrance  into  the  sinus  venosus  (PI.  IV, 
fig.  12).  It  penetrates  the  connective  tissue  bounding  the 
auriculo-ventricular  groove.  At  twelve  millimeters  (PI.  V, 
fig.  18  and  19)  the  principal  vessels  are  all  apparent  as  short 
sprouts.  The  middle  cardiac  vein  by  this  time  has  passed  the 
connective  tissue  and  is  coursing  along  che  interventricular 
groove  posteriorly.  The  great  cardiac  vein  (PI.  IV,  fig.  13) 
which  endures  for  the  time  being  within  the  connective  tissue, 
sprouts  from  the  coronary  sinus  at  its  left.  The  small  cardiac 
vein  sprouts  from  the  right  extremity  of  the  coronary  sinus 


close  to  the  middle  vein.  This  short  vessel  alter  entering  the 
connective  tissue  suddenly  shifts  its  course  to  the  right  and 
tends  to  follow  the  auriculo-ventricular  groove. 
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Thus,  these  investigators  show  that  the  cardiac  veins 
sprout  from  the  coronary  sinus  as  endothelial  buds  which  is  not 
in  accordance  with  Grant  (1926),  who,  with  the  rabbit,  finds 
the  vessels  coming  from  the  sinus  venosus. 

At  the  same  age  also,  two  endothelial  sprouts,  sym- 
bolizing the  early  development  of'  the  arterial  vessels,  come 
off  the  undivided  portion  of  the  bulbus  cordis  (PI.  IV.  fig. 

14)  . 

The  coronary  artery  springs  out  from  the  right  prox- 
imal aspect  of  the  bulbus,  courses  slightly  downward  and  ulti- 
mately stations  itself  on  the  same  side  of  the  ascending  aorta. 
The  left  coronary  artery,  likewise,  comes  off  its  respective 
posterior  portion  of  the  unsectioned  bulbus  and  courses  downward 
between  this  organ  and  the  ventral  aspect  of  the  left  auricle. 
Subsequent  to  its  inception  the  vessel  partitions  itself  into 
two  principal  branches.  The  left  interventricular  artery,  the 
longer,  maintains  its  initial  course  on  the  bulbus  and  tends  to 
lie  in  the  anterior  interventricular  groove.  The  left  circum- 
flex, the  shorter  branch,  passes  to  the  left  for  a short  dis- 
tance falling  in  the -auriculo-ventricular  groove. 

In  embryos  of  fifteen  to  twenty-five  millimeters  (PI. 


VI,  fig.  20  to  25),  generally  speaking,  the  coronary  vessels 
manifest  only  an  extension  in  growth.  With  the  thirty  milli- 
meter specimen  (PI.  VII,  fig.  26  and  27),  however,  the  system 


resembles  one  of  near  maturity  and  receives  recognition  by  the 
origin  of  what  Goldsmith  calls  the  !1  intercardial  artery”  which 
provides  for  the  septum.  This  vessel,  which  is  of  little  sig- 
nificance in  the  human,  buds  off  the  right  coronary  artery  and 
sends  of!'  branches  following  its  inception.  The  more  important 
right  branch  finds  shelter  in  the  heart,  while  the  left  tra- 
verses the  interventricular  furrow  and  comes  to  rest  on  the 
right  posterior  wall  of  the  left  ventricle. 

At  the  thirty-five  millimeter  stage  (fig.  28  and  29) 
all  the  vessels  have  continued  to  extend  along  their  respective 
lines  of  growth.  The  intercardial  artery  at  this  age  has  elon- 
gated so  that  it  now 'enters  the  partition  at  the  junction  of  the 
interventricular  and  interauricular  septum.  Finally,  with  the 
forty-five  millimeter  Pmbryo  (fig.  30  and  31)  the  design  of  the 
coronary  system  representing  the  transition  between  the  embry- 
onic and  adult  heart  is  complete.  The  intercardial  artery  has 
now  passed  through  the  partition  supplying  branches  to  the  sep- 
tum previously  mentioned  and  extends  to  the  rear  and  base  of 
the  ascending  aorta  where  it  culminates  in  a capillary  network. 
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Abbreviations 


3.C.V.--  small  cardiac  vein 

S.V. sinus  venosus 

W.L.V.--  wall  of'  left  ventrh 
cle . 


h.A. ascending  aorta 

C.A. coronary  arteries 

COE. coelom 

G.d. coronary  sinus 

G. C.V.-  great  cardiac  vein 

H. V. hemiazygos  vein 

l.A. intercardial  artery 

L . A . left  atrium 

n.C.A.-  left  coronary  artery 
L.C.C.-  left  common  cardinal  vein 

L. Ci.--  left  circumflex  artery 

n.l. left  interventricular  artery 

n.l.V.-  left  interventricular  vein 
j_i « M . A . - left  marginal  artery 
left  marginal  vein 
n.V. left  ventricle 

M. C.V.-  middle  cardiac  vein 

_f.V. pulmonary  vein 

A. A. right  atrium 

R.A.V.-  right  anterior  ventricular  artery 
R.C.A.-  right  coronary  artery 
R.C.C.-  right  common  cardinal  vein 
R.I.A.-  right  interventricular  artery 
R.1VI.A.-  right  marginal  artery 

R.V. right  ventricle  after  Goldsmith  and  Butler 
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In  the  adult  human  heart  (Gross,  1921)  the  right  and 
lei't  coronary  arteries  remain.  The  left  is  seen  superficially 
coming  off  its  respective  side  of  the  valsalva  sinus  at  the  base 
of  the  aorta.  oubsequent  to  its  origin  and  forward  extension, 
it  divides  into  two  constant  branches,  an  anterior  descending 
and  a circumflex  branch.  The  descending  vessel  ( rarnus  descend- 
ens  anterior  sinistra)  arises  at  the  junction  of  the  left  auri- 
cle and  pulmonary  artery,  extending  to  the  anterior  interventri- 
cular sulcus  and  descends  to  the  apex  where  it  emits  twigs  and 
branches  ramifying  both  ventricles.  The  circumflex  branch 
(ramus  circumflex  sinistra)  rests  in  the  coronary  sulcus  and 
comes  into  view  from  the  projecting  auricle  to  lie  on  the  sur- 
face in  the  region  of  the  margo  obtusus.  At  this  point  it 
shifts  downward  and  provides  for  the  left  ventricle  posteriorly. 

The  right  coronary  artery  emerges  from  the  anterior 
aortic  sinus  and  runs  forward  between  the  roots  of  the  right 
auricle  and  pulmonary  arteryr.  It  passes  along  the  coronary 
sulcus,  where  it  is  known  as  the  arteria  circumflex  dextra, 
and  gives  off  several  branches  to  the  auricles  and  ventricles; 
the  main  stem  continues  its  course  over  the  margo  acutus  and 
the  posterior  longitudinal  furrow,  passing  nearly  to  the  apex 
as  a posterior-  descending  vessel. 

The  first  branch  to  supply  the  ventricle  is  an  arched 
vessel  which  t raverses  the  pulmonary  artery  to  communicate  with 
a corresponding  twig  of  the  left  coronary  artery. 

Two  branches  from  the  upper  region  of  the  right  ven- 
tricle pass  downward  to  the  lower  portion  of  the  heart,  emitting 

several  small  horizontal  branches  which  extend  to  the  left  to 
communi ca te  with  similar  vessels  of  the  ramus  descenders. 

A lateral  vessel  (ramus  lateralis)  passes  dov/nward 
parallel  to  the  acutus  border,  and  at  the  lower  portion  of  the 
ventricle  shifts  to  a posterior  direction  traversing  the  right 
ventricle  to  extend  to  the  posterior  interventricular  furrow. 

The  ramus  descendens  posterior  is  the  next  principal 
branch  to  emerge.  This  vessel  follows  the  furrow  mentioned 
above  to  extend  to  the  lower  portion  of  the  ventricle. 

The  remaining  portion  ol  the  right  coronary  artery  bi- 
furcates or  trifurcates  to  form  the  rami  ventriculares  sinistri 
which  extend  to  the  left  ventricle  posteriorly. 

In  addition  to  the  superficial  vessels  mentioned  there 
'are  branches  which  penetrate  deeper  into  the  heart.  For  in- 
stance, branches  from  the  rami  descendentes  (rami  j n terventri - 
culares)  pass  through  the  interventricular  furrow  and  establish 
themselves  In  a fashion  parallel  to  the  heart  base  with  frequent 
anastomoses  between  their  terminal  vessels. 

One  of  these  rami  interventriculares  (rami  septi 
fibrosi)  is  a brancn  of  the  ramus  circumflex  dextra  and  emerges 
at  that  region  where  the  auricles  and  ventricles  meet,  known  as 
the  crux.  at  passes  along  an  anterior  path  following  the  inter- 
auricular  and  Interventricular  furrow  and  ramifies  the  area  of 
the  coronary  sinus  opening.  From  here  it  continues  its  anterior 
course  to  communicate  with  a similar  vessel  ol'  the  left  coronary 
artery  and  enter  the  pars  membranacea  septi. 

The  constancy  of  branches  from  both  right  and  left 
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coronary  arteries  supplying  the  auricles  is  not  so  firmly  es- 
tablished as  those  going  to  the  ventricles. 

Ordinarily , the  right  auricle  receives  its  supply  from 
two  branches  (rami  anteriores)  coming  from  the  arteria  circum- 
flexa  dextra  anteriorly.  The  first  branch  follows  the  inception 
of  the  right  coronary  artery,  passes  oosteriorly,  and  estab- 
lishes a horizontal  path  as  it  courses  the  anterior  portion  and 
rear  of  the  right  auricle  and  aorta  supplyirg  twigs  to  this  re- 
gion. The  principal  stem  continues,  extending  now  posteriorly 
to  penetrate  the  int erauricular  septum  and  arrive  at  the  poste- 
rior section  of  the  right  auricle.  At  this  point  it  alters  its 
direction  to  rise  aid  encircle  the  sulcus  terminalis  and  ramify 
the  auriculo-ventricular  node. 

This  branch  shows  frequent  anastomoses  with  other 

i . . , . 

vessels  supplying;  the  auricles.  Also,  its  origin  may  be  lrom 


the  left  coronary  artery. 

The  second  branch  supplying  the  auricles  is  not  so  in- 
variable as  the  first.  It  proceeds  upward  to  apportion  itself 
over  the  topmost  portion  of  the  right  auricle  toward  the  incep- 
tion of  the  superior  Vena  cava. 

Besides  these  branches  supplying  the  auricle  from  the 
right  coronary  artery,  a lateral  vessel  sometimes  makes  an  ap- 
pearance. When  present,  it  emerges  in  the  vicinity7-  of  the  margo 
acutus , arborizes  the  right  auricle  externally,  and  passes  to- 
ward the  outlets  - of  the  venae  cavae . Als o,  numerous  minute  vessels 
may-  be  observed  mingling  with  branches  supplying  the  adipose 
tissue  of  the  pericardium. 
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From  the  left  coronary  artery  one  or  two  vessels 
spread  over  the  left  auricle , especially  on  its  anterior  aspect. 
Frequently,  also,  a left  lateral  vessel  is  seen  coursing  the 
auricle  posteriorly  as  far  as  the  superior  vena  cava  opening. 

That  variations  in  both  coronary  arteries  do  occur, 
may  be  shown  from  the  observations  of  the  following  investiga- 
tors. Hyrtl  (1856)  mentions  a case  in  which  the  right  coronary 
artery  emerged  close  to  the  inception  of  an  abnormal  vessel 
coming  from  the  sinus  of  valsalva.  Giepel  (1924)  observed  the 
origin  of  the  same  artery  seven  millimeters  beyond  the  cusp  of 
the  ascending  aorta.  Gray  (1956)  mentions  the  following  con- 
cerning the  coronaries.  ''These  vessels  occasionally  arise  by  a 
common  trunk,  or  their  number  may  be  increased  to  three,  the 
additional  branch  being  of  small  size.  More  rarely,  there  are 
two  additional  branches." 

From  the  above  description  arid  the  work  of  Grant 
(1926),  it  is  apparent  that  the  Mammalia,  as  the  Amphibia  and 
fieptilia,  possess  only  cephalic  coronary  arteries. 

For  the  veins.  Gross  (1921)  considers  the  vessels, 
under  three  main  groups  namely,  (1)  venae  rnagnae  cordis,  (2) 
venae  parvae  cordis,  and  (3)  venae  minimae  Thebesii,  which,  will 
be  discussed  later  as  a separate  topic. 

The  term  venae  rnagnae  cordis  refers  to  the  largest 
vessels  draining  the  heart,  but  is  often  confused  by  some  ob- 
servers with  a vessel  called  vena  coronaria  sinistra  by  Gross. 

In  this  group  is  found  the  sinus  coronarius,  a vessel 
into  which  the  other  large  veins  drain.  It  terminates  in  the 

right  auricle  between  the  auriculo-ventricular  orifice  and  the 
aperture  of  the  inferior  vena  cava.  Gray  (1936)  pictures  it  as 
being  two  and  twenty-five  hundredths  centimeters  in  length,  lo- 
cated in  the  posterior  auriculo-ventricular  groove,  and  clothed 
by  heart  musculature  extending  from  the  left  auricle. 

Entering  the  sinus  by  way  of  the  valvula  Vieusenii  is 
the  vena  coronaria  cordis  sinistra.  This  vessel,  which  is  a 
continuation  ol  the  vena  interventricularis  anterior,  increases 
in  size  as  it  bounds  the  margo  obtusus  in  the  auriculo-ventricu- 
lar sulcus  to  follow  the  coronary  sinus. 

The  vena  interventricularis  anberior  normally  origi- 
nates at  the  lower  portion  of  the  anterior  interventricular 
sulcus  and  anastomoses  with  a similar  posterior  vein.  Along 
with  the  ramus  descendens  anterior,  a subsidiary  ol  the  left 
coronary  artery,  it  ascends  the  sulcus  to  become  continuous 
with  the  previously  mentioned  vein  at  the  auriculo-ventricular 
sulcus . 

A vena  coronaria  dextra,  which  is  occasionally  seen 
as  a continuation  of  the  vena  marginis  acuti,  also  enters  the 
coronary  sinus.  It  is  stationed  at  the  right  posterior  surlace 
of  the  heart  along  the  auriculo-ventricular  sulcus. 

The  vena  marginis  acuti,  which  occasionelly  makes  an 
'independent  entrance  into  the  right  auricle,  normally  originates 
in  the  lower  portion  of  the  margo  acutus  to  communicate  with  a 
twig  from  the  vena  interventricularis  posterior.  It  bounds  the 
intersection  of  the  auriculo-ventr icular  furrow  and  margo  acutus 
to  pass  as  the  vena  coronaria  dextra. 


The  vena  interventricularis  posterior,  which  emerges 
in  the  lower  part  of  the  anterior  interventricular  furrow, 
bounds  the  apex  of  the  heart  to  r^ass  upward  over  the  posterior 
interventricular  sulcus  and  enter,  the  coronary  sinus.  Through- 
out its  course  it  anastomoses  with  the  vena  interventricularis 


anterior,  and  with  end  branches  of  the  v^nae  marginis  obtusi 
and  vena  marginis  acuti. 

Gross  (1921)  also  records  several  branches  which  enter 


the  venae  magnae  cordis.  Tne  vessel  known  as  the  vena  obliqua 
atrii  sinistri  (Marshalli)  begins  on  the  anterior  aspect  of  the 
left  atrium,  passes  between  the  pulmonary  veins  to  the  left,  and 
runs  to  the  right  close  to  the  valvula  vieusenii  where  it  drains 


into  the  coronary  sinus. 

The  venae  ventriculi  sinistri  (anterior,  marginaies  or 
pos teriores ) , a group  of  rather  large  vessels,  transport  blood 
on  the  left  side  of  the  heart  from  the  lower  portion  of  the 
rnargo  obtusus  to  drain  into  the  venous  channel  derived  by  the 
union  of  the  vena  coronaria  cordis  sinistra  and  vena  interven- 
tricularis posterior  and  anterior.  The  right  posterior  aspect 
of  the  heart  is  cared  for  by  the  Venae  ventriculi  dextri  poste- 
riores,  which  course  horizontally  and  toward  the  center  to 
drain  into  a rather  small  venous  ring  formed  by  the  union  of 
vena  coronaria  dextra,  vena  marginis  acuti  and  vena  interventri- 
cularis  posterior.  Finally,  numerous  and  rather  large  inter- 
communicating  vessels  are  seen  in  the  interventricular  septum. 
These  veins  find  entrance  into  the  vena  interventricularis  an- 
terior  and  posterior.  _ 
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The  remaining  anterior  aspect  ol‘  the  right  ventricle 
is  provided  tor  by  the  second  group  of  veins  (venae  parvae 
cordis),  and  by  the  intercommunicating  vena  ventriculi  dextri 
anteriores  which  enter  the  vena  interventricularis  anterior  and 
vena  marginis. 

With  the  exception  of  the  region  within  the  anterior 
interventricular  and  margo  acutus,  it  has  been  shown  that  veins 
completely  encircle  the  auriculo-ventricular  groove. 

It  is  about  this  vacant  section  of  the  groove  that 
three  or  four  communicating  vessels  from  the  venae  parvae  cordis 
traverse  from  the  right  ventricle  anteriorly  to  drain  into  the 
right  auricle. 

Other  veins  of  this  group  worthy  of  notice  are  the  two 
which  drain  into  the  right  auricle.  One  of  these  drains  into 
this  chamber  near  the  pulmonary  arterial  root  and  matches  the 
arterial  arch  previously  mentioned  in  the  relation  between  pul- 
monary artery  and  conus.  It  communicates  with  a similar  vein 
which  provides  for  the  base  of  the  pulmonary  artery  and  aorta, 
prior  to  Its  entrance  into  the  right  chamber. 

The  remaining  venae  parvae  cordis  are  made  up  01 
vessels  whose  course  resemble  that  of  the  auricular  arteries, 
and  which  normally  have  their  entrance  into  the  vena  coronaria 
sinistra . 

The  principal  branches  of  the  veins  comprising  the 
two  main  groups  as  mentioned,  normally  coincide  with  arterial 
vessels,  lying  alongside  or  above  them;  the  more  minute  off- 
shoots  occasionally  reside  more  or  less  under  the  arteries . The 
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veins  more  remote  from  the  surface  of  the  heart  are  not  in  ac- 
cordance with  the  arteries  since  their  dichotomous  "branching  is 
not  so  constant.  instead,  they  pass  toward  the  surface  as  a set 
of  wreathed,  intercommunicating  vessels  to  drain  into  the  more 
massive  superficial  channels  of  the  second  and  third  division. 

At  the  aortic  base  and  in  the  adipose  tissue  proximating  the 
pericardium,  well-defined  v enae  telae  adipose  can  be  seen. 
About  the  apex  a verticil  of  small  venous  channels  entering  the 
end  ramifications  of  both  venae  interventricularis  anterior  and 
posterior  can  also  be  found. 

E 

Except  for  the  large  oblique  vein  of  Marshall  (Gross, 
1921) , the  auricles  are  chiefly  emptied  by  little  vessels  known 
as  venae  thebesii.  They  are  named  after  Thebesius,  who,  in 
spite  of  publishing  his  results  later  than  Vieussens,  has  re- 
ceived the  credit  for  their  discovery. 

These  vessels  have  been  subjected  to  considerable  dis- 
cussion. dome  of  the  investigators  to  confirm  their  existence 
were  Verheyen  (1712),  Lancisi  (1740),  Winslow  (1776),  Bochdalek 
(1868),  hanger  (1880),  and  Nussbaum  (1912). 

Vieussens  (1706)  experimenting  with  beef,  sheep,  and 
human  hearts  shut  off  the  flow  through  the  venae  cavae,  and, 
after  introducing  a solution  of  saf ranine  into  the  coronary  ar- 
teries found  that  the  solution  not  only  escaped  into  the  right 
auricle  by  way  of  the  coronary  sinus,  but  also  issued  through 
many  small  tubes  into  the  heart  cavities.  To  these  small 
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openings,  which  he  believed  to  be  continuous  with  the  coronary 
arteries,  he  gave  the  name  "ducti  carnosi." 

Thebesius  (1708)  observed  the  same  openings  in  the 
auricles  and  ventricles  by  introducing  colored  solutions  or 
water  into  the  coronary  sinus. 

Verheyen  (1712),  repeating  the  experiments  of  Vieus- 
sens,  appeared  somewhat  skeptical  concerning  the  authenticity  of 
the  openings.  Agreeing,  however,  that  the  cavities  of  the  heart 
do  possess  openings,  he  would  rather  consider  them  as  orifices 
of  the  coronary  veins.  The  results  of  his  experiments  met  with 
little  acclaim. 


Bochdalek  (1868)  and  manger  (1880)  also  agreed  to 
their  existence  and  investigated  their  presence  in  all  chambers 
of  the  heart.  Nussbaum  (1912),  however,  in  studying  their  dis- 
tribution, maintains  that  their  presence  is  only  within  the 
auricles . 

Those  who  opposed  the  existence  of  these  vessels  were 
Haller  (1786),  Cruveilhier  (1854),  Theile  (1843),  and  Lanne- 
longue  (1867). 

'Lannelongue  (1867)  did  not  believe  that  the  little 
openings  in  the  walls  of  the  heart  communicated  with  the  veins 
and  arteries.  Instead,  he  considered  them  as  continuations  of 
many  tiny  channels  found  in  the  ventricular  walls. 

Haller  (1786),  although  on  the  opposing  side,  mentions 
their  existence  in  one  of  his  papers.  He  asserts  that  these 
vessels  replace  the  veins  and  return  the  blood  from  the  coronary 
arteries  of  the  second  and  third  order. 


The  orifices  of  these  vessels  are  called  foramina 
Thebesii  (Gross,  1921),  and  are  especially  evident  in  the 
auricles.  That  they  have  a direct  communication  with  the  venous 
channels  can  easily  be  shown  b\  perfusion  experiment s . Wearn 
(1927)  has  shown  that  during  perfusion  of  inactive  hearts  with 
India  ink,  eighty  to  ninety  per  cent  of  the  material  passed  di- 
rectly into  the  heart  chambers,  hinting  that  the  principal 
course  for  the  flow  of  blood  is  by  way  of  the  tnebesian  vessels 
during  dilation.  Wearn,  Klumpp  and  Zschiesche  (1952)  find  that 
the  injection  into  the  coronary  arteries  of  a substance  too 
dense  to  flow  within  the  capillaries,  escapes  through  the 
thebesian  channels.  This  offers  some  proof  for  the  direct  com- 
munication between  coronary  arteries  and  the  chambers  of  the 
heart.  Grant  and  Viko  (1929),  however,  observed  this  communica- 
tion only  through  the  medium  of  capillaries. 

Gross  (1921)  separated  the  small  vessels  into  two 
groups,  (a)  those  having  one  to  two  millimeter  orifices  which 
empty  the  auricular  capillaries;  and  (b)  those  having  larger 
openings  which' join  with  vessels  of  the  venous  system  in  the 
heart  muscle  and  at  the  surface. 

The  number  of  these  veins,  /enae  minimae  Thebesii,  are 
greatest  in  the  right  auricle  in  the  region  of  the  mterauric- 
ular  septum,  especially  about  the  valvula  Thebesii  and  limbus 
Vieussenii.  In  the  left  auricle,  however,  they-’  are  larger  but 
not  so  plentiful. 

In  the  ventricles,  the  openings  are  more  numerous  on 
the  right  side  oi  the  conus,  in  the  region  of  the  papillary 
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muscles  and  the  muscles  of  the  apex.  In  these  chambers  the  only 
means  of  communication  with  the  larger  venous  channels  is 
through  the  medium  of  capillary  anastomoses  which  serve  prin- 
cipally to  empty  the  subendocardial  cavities  and  the  adjoining 
musculature . 

Part  II 


From  the  foregoing  description  it  has  been  shown  just 
how  the  vertebrate  heart  normally  receives  its  blood  supply 
through  the  development  and  growth  of  the  coronary  vessels.  If, 
however,  this  blood  replenishment  to  the  heart  fails  (Conheim 
and  v.  Schulthess,  1881),  the  activity  ol  the  heart  is  reduced. 
Anrep  (1926)  points  out  also  that  any  variation  or  change  in 
the  factors  associated  with  coronary  circulation  may  even  re- 
sult in  a pathological  condition  of  the  heart  muscle. 

Thus,  it  seems  fitting  at  this  time  to  discuss  briefly 
some  of  the  factors  which  regulate  this  system  of  circulation. 

Various  methods  have  been  employed  by  numerous  inves- 
tigators, including  Starling’s  (1914)  heart-lung  preparation 
and  Morawitz  and  Zahn’s  (1912)  coronary  cannula,  which  have 
greatly  lessened  the  difficulty  of  experimentation. 

A 

Anrep,  Downing,  Cruickshank  and  Subba  Rau  (1927),  in- 
vestigating the  mammalian  heart  in  their  study  of  coronary  out- 
flow, employed  the  Morawitz  cannula  and  a hot  wire  container. 
Through  this  method  they  were  able  to  observe  and  record  within 
a single  cardiac  cycle  three  positive  waves  for  the  outflow  from 
the  coronary  sinus.  The  character  of  the  waves  was  found  to 
varj , but  ordinarily  the  third  remains  the  largest,  the  second, 
the  smallest,  and  the  first,  intermediate  between  the  other  two. 


The  latter  wave,  which  these  investigators  have  reierred  to  as 
the  pre-s} st olic , establishes  itsell  during  auricular  contrac- 
tion and  is  obliterated  during  atrial  fibrillation.  They  also 
assume  the  existence  of  this  wave  under  normal  working  condi- 
tions oi  the  heart.  The  second  wave,  whose  magnitude  and  dura- 
tion vary  with  the  inflow,  begins  with  ventricular  contraction. 
The  third  and  last  wave  commences  suddenly,  finding  its  summit 
at  maximal  ejection,  after  which  it  hastily  falls  of i . Their 
experiment  indicates  that  maximal  outflow  from  the  coronary 
vessels  arises  during  systole. 

Evans  (1936)  reiterates  that  these  waves  are  as  ob- 
vious with  constant  pressure  of  the  coronary  arteries  as  they 
are  when  the  vessels  are  influenced  by  variations  in  arterial 
pressure,  and  so  must  be  due  to  pressures  emitted  by  the  walls 
of  the  heart. 

In  their  study  of  coronary  inflow,  Anrep  and  his  asso- 
ciates (1927),  recording  the  rate  of  drainage  from  a blood  reser- 
voir attached  to  the  aorta,  concluded  that  the  inflow  was  deter- 
mined by  what  they  call  the  "mean  post  dicrotic  pressure.'1 

The  views  of  Wiggers  and  Cotton  (1933),  however,  are 
opposed  to  some  of  the  earlier  findings  and  methods  of  investi- 
gation b}'  Anrep.  The  results  of  their  experiments  on  the  se- 
quence of  events  occuring  during  a single  cardiac  cycle  are  re- 
corded in  fig.  32  and  are  best  described  by  the  following  quota- 
tion: 

"With  the  onset  of  contraction  or  very  shortly  there- 
after,  the  flow  decreases  rather  abruptly,  due  to  the  resistance 


offered  by  compression  of  the  intramural  vessels  (fig.  32,  1-2). 
As  aortic  and  coronary  pressures  rapidly  reach  a systolic  sum- 
mit, the  flow  increases  pari  passu  (2-3),  but  the  maximum 
reached  during  midsystole,  or  somewhat  later,  never  equals  the 
diastolic  ilow.  oince  aortic  and  coronary  pressures  decline 
somewhat  during  the  latter  portion  of  ejection,  the  rate . of 
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systolic  flow  decreases  somewhat  again  (3-4).  During  isometric 
relaxation  of  the  ventricles,  the  intramural  vessels  are  decom- 
pressed, and  a sudden  onflow  of  blood  takes  place  (4-5)  and  the 
maximal  rate  of  flow  is  established  almost  at  once  (5).  During 
the  remainder  of  diastole  the  rate  of  flow  decreases  slowly  and 
pari  passu  with  the  decline  of  aortic  and  coronary  pressures 
during  diastole. 

The  view  held  by  Hochrein  (1930),  that  maximal  cor- 
onary flow  is  established  within  the  period  of  systole,  was  op- 
posed by  Wiggers  and  later  observations  by  Anrep.  Experiments 
performed  by  Anrep  and  Eaalfeld  (1933)  have  verified  the  belief 
that  maximum  flow  occurs  at  diastole. 

That  the  arterial  or  aortic  blood  pressure  is  the 
principal  factor  in  the  control  of  coronary  flow  is  implied  by 
the  above  quotation  by  Wiggers  and  Cotton  (1933).  Experiments 
(fig.  33)  by  Iviarkwalder  and  starling  (1913)  show  that  the  aver- 
age rate  of  flow  is  conditioned  largely  by  the  pressure  of  the 
blood  supply.  At  higher  pressures  the  flow  increases,  while  a 
falling  off  of  arterial  pressure  causes  the  flow  to  decrease, 
even  to  the  point  where  the  blood  supply  may  be  insufficient  for 
normal  heart  functions.  In  grams  of  heart  per  hour,  Evans  and 


Starling  (1913)  have  calculated  the  coronary  flow  as  being  in 
the  neighborhood  of  forty  cubic  centimeters,  while  Anrep  (1926) 
estimates  from  forty  to  sixty  cubic  centimeters.  However,  the 
flow  usually  presents  considerable  variation. 

Which,  phase  in  the  cycle,  then,  is  predominant  in  con^ 
trol  in  the  relation  between  arterial  pressure  and  coronary 
flow?  Bond  (1910),  Morawitz  and  Zahn  (1912),  and  Anrep  and  King 
(1926),  find  that  the  flow/  through  the  coronaries  depends  on  thb 
mean  diastolic  or  systolic  aortic  pressure  and  is  not  influ- 
enced by  variations  in  heart  rate  and  systemic  output.  Also, 
Nakagawa  (1922),  Hilton  and  Eichholtz  (19:24),  and  Hammouda  and 
Kinosita  (1926)  find  that  arrest  of  the  heart  in  diastole  is 
accompanied  by  an  increase  of  coronary  flow,  and  in  systole  by 
a diminution  of  coronary  flow. 
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Barcroft  and  Dixon  (1906),  Markwalder  and  Ltarling 
(1913),  and  Morawitz  and  Zahn  (1914),  have  supplied  the  prin- 
cipal evidence  for  the  importance  of  variation  in  the  gaseous 
and  chemical  make-up  of  the  blood. 

Subsequent  investigators  were  not  in  agreement  with 
Eredericq  (1908),  who,  with  the  isolated  heart,  states  that  the 
coronary  flow  is  decreased  during  oxygen  lack,  while  augmented 
urjon  re-administration  of  the  gaseous  material.  Hammouda  and 
Kinosita  (1926)  and  others  have  shown  that  coronary  flow  is  ac- 
celerated during  asphyxiation  of  the  heart.  Hilton  and  Eich- 
holtz  (1924),  on  the  heart-lung  preparation,  observed  an  in- 
crease in  flow  to  the  extent  of  four  or  five  times  with  a dimi- 
nution of  oxygen  saturation  (fig.  34).  Only  a slight  alteration 
in  coronary  flow  occurs  with  a fall  of  oxygen  saturation  from 
one  hundred  to  eighty  per  cent;  but  below  fifty  per  cent  the 
true  effect  of  anoxemia  is  apparent  with  the  dilatation  of  the 
coronaries  nearly  proportional  to  the  saturated  arterial  blood. 
When  cyanide  was  administered  to  the  blood,  a similar  expansion 
of  the  coronaries  was  observed. 

Although  oxygen  lack  raaj  exert  some  influence,  the 
true  cause  of  coronary  dilatation  at  present  is  unknown.  As  a 
result  of  the  observations  of  Lewis  and  Grant  (1925)  and  Dale 
and.  Burn  (1926),  a fev;  investigators  voice  the  belief  that  some 
effect  is  due  to  the  accumulation  of  metabolites  during  oxygen 
want.  Hilton  and  Eichholtz  (1924),  with  the  heart-lung 
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preparation,  show  that  if  the  coronary  flow  is  affected  by/  sub- 
stances known  as  metabolites,  evidence  should  be  apparent  for  a 
reduced  consumption  of  oxygen  by  the  cardiac  muscle  during 
anoxemia.  The  results  of  their  observation  may  best  be  ex- 
plained by  a quotation  from  them.  "The  fact  that  we  obtained  a 
• 

maximal  dilatation  ofthe  coronary  vessels  with  complete  anoxemia, 
and  a dilatation  which  is  inversely  proportional  to  the  oxygen 
saturation  of  the  blood,  without  any  evidence  of  oxygen  lack  in 
the  contracting  muscle  or  an  oxygen  debt  incurred  by  the  heart, 
removes  any  justification  for  ascribing  these  results  to  any 
metabolites  accumulating  in  the  heart  muscle  as  a result  of  lack 
of  oxygen." 

Evans  (1936)  states  that  carbon  dioxide  also  excites 
dilatation  of  the  coronaries,  but  is  mediocre  in  effect  compared 
to  anoxemia. 

With  adrenalin,  Wiggers  (1909),  in  his  work  on  inner- 
vation of  the  blood  vessels,  observed  a constriction  of  the 
coronaries  in  the  cat,  dog,  and  rabbit.  A dilatation  never  oc- 
cured.  Gruber  and  Roberts  (1926),  in  a similar  study  with  ex- 
cised active  and  inactive  hearts  of  rats,  cats  and  rabbits, 
found  a vaso-dilati on  with  dilute  solutions  and  a vaso-constric - 
tion  of  the  coronary  vessels  with  concentrated  solutions.  In  a 
study  of  the  branchial  responses  to  adrenalin,  Keys  and  Bateman 
(1932),  observed  a behavior  similar  to  the  coronaries.  Although 
a vaso-dilator  effect  w as  evident  on  the  gills  of  Anguilla  vul- 
garis, they  found  a constriction  with  the  systemic  vessels, 
hountz  (1932),  with  the  human  heart,  noticed  that  adrenalin 
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caused  a decrease  in  coronary  flow  on  a beating  heart  and  an 
increased  flow  in  a "stands till'  heart.  Evans  (1936),  states  that 
the  smaller  vessels  of  isolated  coronary  arteries  are  relaxed 
^ by  the  drug,  while  the  larger  coronaries  are  constricted;  also, 

that  adrenalin  maj  increase  or  decrease  the  flow  through  the 
coronaries,  depending  on  pressure  changes. 

G 

Observations  show  that  the  coronaries  possess  the 
richest  innervation  of  all  the  arteries.  Woollard  (1926),  has 
shown  tnat  even  the  most  minute  ramifications  of  the  coronary 
arteries  receive  a dual  innervation.  The  larger  branches  are 
predominantly  innervated  by  fibers  of  thoracicolumbar  sympa- 
thetic origin,  while  the  smaller  vessels  receive  their  innerva- 
tion chiefly  from  the  cranial  parasympathetic  (vagus). 

Different  observers  have  varied  as  to  the  influence  of 
nerve  supply  on  the  vessels.  Me^er  (1869)  and  Martin  (1891), 
observed  a dilatation  on  stimulation  of  the  vagus,  while  Porter 
(1398)  maintained  that  the  vagus  contained  fibers  of  a vaso- 
constrictor nature.  Maas  (1899),  vtrith  the  isolated  heart,  re- 
corded a diminution  of  coronary  flow  on  vagus  stimulation,  even 
with  constant  heart-rate.  Wiggers  (1909),  obtained  similar  re- 
sults in  the  intact  animal  as  evidence  for  the  vaso-constrictor 
► nature  oi  the  vagus.  He  iound  the  coronary  flow  to  decrease  on 
stimulation  of  the  vago-sympathetic , and  to'  increase  when,  the 
stimulaticn  stopped.  Other  factors  involved  in  tne  diminution 
were  the  decreased  blood  pressure  and  the  decreased  action  of 


/ 

— — 


systole.  He  found  also  a diminution  in  flow  when  the  effect  ol 
the  vagus  was  offset  by  the  administration  of  atropine.  With 
the  heart-lung  preparation,  Anrep  and  Begall  (1926)  in  accord- 
ance with  the  results  of  Wiggers,  find  a more  diminutive  flow 
than  that  of  the  denervated  heart.  Their  best  results  showed  an 
increased  coronary  flow  with  section  of  the  vagus  when  the  heart- 
rate  remained  constant  by  the  introduction  of  atropine.  Thus 
the  increase  appears  independent  of  the  heart-rate,  as  well  as 
slightly  affected  by  the  rate  of  heart  beat. 

The  same  authors  found  an  independent  re Ilex  along 
with  the  Bainbridge  reflex  which  plays  an  Important  role  in  the 
increased  work  of  the  heart  through  muscular  exercise.  This 
coronary  reflex  aids  the  heart  in  adapting  itself  to  increased 
outputs  . 

Greene  (1935),  with  the  intact  specimen,  is  in  agree- 
ment with  the  general  views  of  Anrep.  Employing  a method  avoid- 
ing the  complexity  of  alterations  in  arterial  pressure,  he  shov/s 
that  the  neurones  of  the  thoracicolumbar  sympathetic  extend  to 
the  heart  by  way  of  the  inferior  cervical  and  stellate  ganglia 
and  produce  a constriction  as  well  as  a dilation  of  the  coronary 
vessels;  that  the  magnitude  of  coronary  flow  affected  by  re- 
flexes impelled  by  stimulation  of  afferent  neurones  emanating 
from  various  regions  of  the  viscera  and  soma  produced  coronary 
dilatation,  or  a mixed  response  with  strong  stimulation.  He  as- 
serts that  the  separation  of  the  two  constituents,  vago-sympa- 
thetic,  is  hopeless,  and  that  the  stimulation  of  the  mixed  trunk 
produces  an  effect  which  is  unpredictable. 
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The  heart,  although  clothed  with  a unique  structure 
and  invested  with  involuntary  power,  must  have  some  recourse  by 
which  it  may  receive  its  nutrition,  otherwise  it  will  cease  to 
function.  In  view  of  this  fact,  it  appears  worthwhile  to  re- 
view briefly  the  possible  nutrient  streams  associated  with  the 
heart  as  mentioned  by  Pratt  (1924).  bince  his  title  is  more  or 
less  speculative  and  lends  itself  to  further  investigation,  it 
may  serve  best  to  quote  him. 

"Modes  of  nutrition  to  the  heart  have  four  conceivable 

origins : 

"The  coronary  stream,  yielding  the  vastly  preponde rat- 
ting nutrient  supply.  The  heart,  may,  however,  survive  grave  im- 
pairment of  this  supply,  in  spite  of  the  relative  tendency  of 
the  vessels  to  be  functionally  terminal.  Other  nutrient  factors 
may  thus  possibly  supervene  to  prolong  function,  such  as: 

"The  pulmo- systemic  stream,  passing,  nutrition-laden, 
over  endothelial,  and  thus  probably  highly  absorptive  surfaces. 

"The  sinusoidal  stream,  a diverted  portion  of  the 
above,  bathing  the  walls  of  the  vestigial  sinusoids  (trabecular 
clefts  and  Thebesian  openings)  and  known  to  be  capable  under  ex- 
perimental conditions  of  imparting  a certain  quota  of  nutriment 
to  the  myocardium. 

"The  lymphatic  stream,  of  problematical  significance 
in  the  heart,  yet  undoubtedly  an  active  distributor  of  material 
such  as  might  be  absorbed  from  the  heart-cavities." 
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Summary 

The  evidence  that  the  cardiac-coronary  system  is  a 
component  of  an  evolutionary  mechanism  is  presented  below. 

1.  Comparative  anatomical  observers  have  shown  the  follow- 
ing: (a)  The  coronary  system,  partial  or  complete,  is  lound 

in  all  vertebrates . 

(b)  The  system  arises  to  meet  the  needs  of  the  develop- 
ing myocardium. 

(c)  Two  groups  of  coronary  arteries  are  to  be  recog- 
nized. 


(1)  The  cephalic  (anterior),  arising  from  the  hypo- 
branchial  arteries  in  the  Pisces,  restricted  to  the  truncus  ar- 
teriosus and  bulbus  cordis  in  the  Amphibia,  and  shifted  from  the 
hypobranchials  to  the  base  of  the  aorta  in  tne  Mammalia. 

(2)  The  caudal  (posterior),  arising  from  the  ventral 
aorta  in  the  skates,  and  from  either  the  right  or  left  aorta  in 
the  B*ept ilia . Caudal  vessels  are  lacking  in  the  Mammalia. 

(d)  Correspondingly,  two  groups  of  veins  are  to  be  re- 
cognized. 

(1)  The  cephalic,  emptying  the  bulbus  cordis  and 
truncus  arteriosus. 


(2)  The  caudal,  the  larger  and  more  important  in  the 
vertebrates.  In  the  Mammalia  the  vessels  open  into  the  right 
auricle  through  the  coronary  sinus. 

(e)  Vessels  of  Thebesius  are  present.  They  communicate 
more  freely  with  the  venous  channels  than  with  the  arteries. 
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(f)  Anastomoses  in  the  heart  are  abundant.  They  occur 
•between  both  left  and  right  coronaries  and  their  respective 
branches . 

2.  Comparative  embryological  observers  have  shown  that  all 
vessels  arise  by  means  of  endothelial  budding. 

3.  Comparative  physiological  observers  have  shown  that  the 
coronary  system  is  influenced  by  various  factors. 

(a)  The  flow  through  the  coronaries  depends  upon  the 
mean  aortic  pressure. 

(b)  The  coronary  flow  is  accelerated  during  asphyxiation 
of  the  heart. 

(c)  Adrenalin  causes  a constriction  of  the  coronaries; 
and  may*  increase  or  decrease  the  flow  through  the  vessels,  de- 
pending on  pressure  changes. 

(d)  The  coronaries  possess  a dual  innervation;  the 
larger  vessels  innervated  chiefly  by  the  thoracicolumbar  sympa- 
thetic, and  the  smaller  vessels  innervated  mainly  by  the  para- 
sympathetic . 
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